High pressure processing (HPP) 
INTRODUCTION
Milk is one of the most frequently sold foods worldwide. The nutritional composition, high water content and neutral pH turn milk into an adequate media for microbial development of vegetative and sporulating microorganisms (Chopde et al., 2014) . Nowadays, milk and dairy products are treated with a specific time temperature combination, to provide acceptable safety and shelf-life. The three basic approaches to heat treatment of raw milk, pasteurisation (72°C for 15-20 s), ultrapasteurisation (80-90°C for 15 s) and ultra-high temperature (UHT) (135-150°C for 1 to 4 s), differ primarily in their underlying purpose (Chawla et al., 2011; Fitria et al., 2015) . Processing at high temperature lowers the nutritional quality of foods because many nutrients are heat labile. To overcome this problem, several non-thermal processing or "cold pasteurisation" techniques including high hydrostatic pressure (HHP) technology have been developed.
One of the first scientific reports on high pressure (HP) applications for food was written by Hite (1899) on shelf-life extension of milk, and recently on the HP effect on foodborn microorganisms by subjecting milk to a pressure of 650 MPa (Heinz and Buckow, 2009; Ghasemkhani et al., 2014) . Since then, the application of HP treatment has been broadened to other food products such as meats, fish and shellfish, fruit and vegetable products, cheeses, salads, grain products, and liquids including juices, sauces, and soups (Heinz and Buckow, 2009; Bello et al., 2014) .
The high pressure process is characterised by three parameters: temperature (T), pressure (p), and exposure time (t). In comparison, the heat preservation process is based on only two parameters (T, t). The three processing parameters allow great flexibility in the design of the process (Heinz and Buckow, 2009; Naik et al., 2013) . High pressure processing (HPP) combining high pressure (up to 1000 MPa) and sometimes heating (above 60°C) has been considered equal to sterilisation, which extends shelf life of foodstuff due to its ability to inactivate bacterial spores at reduced heat and thereby preserving desirable functional properties of foods better than conventional thermal processing (Heinz and Buckow, 2009; Fitria et al., 2015) .
A major function of HPP of food is the destruction of microorganisms. HP inactivates most of the spoilage and pathogenic bacteria present in milk. Most of the studied bacteria are inactivated in milk after treatment at 400-600 MPa (Patterson, 2005; Rodriguez et al., 2005; Yaldagard et al., 2008; Zhang and Mittal, 2008; Udabage et al., 2010) . Temperature and HP can cause considerable microbial inactivation when applied alone, but it has been observed that these two treatments combined can confer dramatically improved inactivation levels, particularly with regard to bacterial spores (Considine et al., 2008) .
The use of non-thermal methods for food preservation is due to consumer demands for microbiological safe products without changes in the sensory and nutritional quality of the product (Muñoz-Cuevas et al., 2013) . The development of PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 72 (2018) 
High pressure (HP) and thermal processing (TP).
In high-temperature short-time (HTST) pasteurization, milk (TP Milk) was held at 78°C for 15-20 s. Milk samples were pressurised in isostatic press (STANSTED fluid power LTD, Stansted, Harlow, UK) with a pressure chamber of 10 cm diameter and 23 cm length. The pressure chamber and the pressurisation medium inside were adjusted to the initial temperature of 20 ± 1°C with a constant flow of water. HP processing was compared to thermal processing (TP), as this is the most common option used for thermal treatment of milk.
Analysis of milk samples. In total, 30 skimmed milk samples were analysed (Table 1) . After treatment (pasteurisation and/or high pressure processing) all milk samples were stored at 4 ± 2 o C for 7 days. Milk samples were analysed after 2, 4, 5, 6, and 7 days of storage. Data analysis. The obtained data were processed using Microsoft Excel; differences among results were considered significant if p < 0.05.
Microbiological parameters.

RESULTS
The first step of our study was to determine the effect of various treatment parameters on milk microbiological quality. The total number of microorganisms in the raw milk sample was 130 000 CFU/ml (5.11 log CFU/ml). Both treatment methods (high-pressure and pasteurisation) resulted in the desired result of decreased total counts of microorganisms in all milk samples (Fig. 1) .
The total plate count in thermally processed (pasteurised) skimmed milk decreased significantly (p < 0.05) compared with the control sample (from 5.11 log CFU/ml to 3.58 log CFU/ml), respectively by 97.1%. The lowest total counts of microorganisms were found in the HP 550/3`treatment -1.53 CFU/ml (99.7% less compared with the control sample). In milk treatments HP 250/15`, HP400/3`, and HP 400/15`the amount of total bacteria was higher: respectively, 3.6 log CFU/ml, 3.48 log CFU/ml, and 2.56 log CFU/ml. After two storage days, microbial growth was observed in all milk treatments, except in the HP 550/3`treatment. The number of microorganisms in raw milk during its storage significantly increased. However, treatment HP 550/3`the total count of microorganisms was stable at 1.53 log CFU/ml and compared with other treatments it was the most effective. After four days of storage, the number of microorganisms in the control was 5.85 log CFU/ml, so a decision was made not to proceed with raw milk analysis. In pasteurised skimmed milk, faster growth of microorganisms (3.78 log CFU/ml) had occurred compared to HP treated milk. After five days, microbial growth continued and in three (TP, HP 250/15`, and HP 400/15`) of five milk treatments there was rapid development of total bacteria counts (from 3.70 to 5.00 log CFU/ml, from 3.72 to 5.19 log CFU/ml, and from 2.58 to 3.95 log CFU/ml, respectively). After six storage days, in all milk samples microorganism growth was observed. The highest colony counts of bacteria occurred in pasteurised milk and HP 250/15`treated milk, respectively 5.70 log CFU/ml and 5.81 log CFU/ml. After seven storage days, fermentation had stopped in all milk treatments.
A significantly higher colony count (p < 0.05) was observed in the HP 250/15`treatment -6.48 log CFU/ml. The HP 550/3`treatment showed the best result: the number of microorganisms was 3.9 log CFU/ml. However, colour and consistency changes were found also in this treatment and the experiment was halted.
The effect of high pressure processing on total plate count in control milk, pasteurised (HP) and pasteurised-HP treated (TPHP) milk treatments is shown in Figure 2 .
The research results showed that after treatment microorganism counts were decreased in all analysed milk samples, but in the TPHP 550/3`treatment growth of bacteria was not observed. The total bacteria count in milk samples processed with g TP and HP (TPHP 250/15`, TPHP 400/3`, and TPHP 400/15`) treatments were similar, respectively, 2.53 log CFU/ml, 2.51 log CFU/ml, and 2.43 log CFU/ml. Even after two storage days, no bacterial growth was observed in the TPHP 550/3`treatment. After two storage days, the largest colony count was found in the TPHP 250/15`treatment -2.59 log CFU/ml. After four days, in TPHP processed milk the number of microorganisms had increased in all samples. Also, there was one colony forming unit in the TPHP 550/3`treatment. After five days of storage, in all milk treatments (TPHP 250/15`, TPHP 400/3`, TPHP 400/15`, and TPHP550/3`) there was rapid growth of microorganisms (respectively, from 2.69 to 4.02 log CFU/ml, from 2.68 to 3.95 log CFU/ml, from 2.51 to 3.70 log CFU/ml, and from 1.00 to 2.00 log CFU/ml). After six days, the highest colony counts of bacteria was observed in pasteurised milk, TPHP 250/15`, and TPHP400/3`treatments, respectively, 5.70 log CFU/ml, 4.70 log CFU/ml and 4.65 log CFU/ml. After milk storage for seven days, in the TPHP treatments the number of microorganisms had rapidly increased in all samples. The largest colony count was observed in the TPHP 250/15`treatment -5.40 log CFU/ml, and the TPHP 550/3`treatment showed the best result: the number of microorganisms was 3.9 log CFU/ml.
Inactivation by high-pressure treatments of Escherichia coli in analysed milk samples is presented in Table 2 . Coliforms were discovered in three milk samples. laying down specific hygiene rules for food of animal origin, the number of microorganisms in milk must not exceed 100 000 CFU/ml. The TPC in the control sample was 130 000 CFU/ml, which exceeded the permitted limit and thus provided an excellent possibility to study the efficiency of HPP. Other studies found that only 41.8% of raw milk samples do not exceed the specified maximum levels of microbiological contamination (Konoðonoka and Jemeïjanovs, 2002) , which confirms our results. Contamination of raw milk and the high bacteria count in milk originates from milking wet dirty udders, the used milking system, the cooling and storage temperature and the holding time (Salman and Hagar, 2013) . For ensuring high quality milk, it is not enough to cool milk to 4-6°C in a short period of time (20-30 min). The initial quality of milk depends on: observing sanitary/hygienic rules during milking, cleanness of equipment and observation of personal hygienic rules (Zagorska, 2007) .
In pasteurised milk, TPC decreased significantly (p < 0.05) compared with the control sample (1.53 log CFU/ml) by 97.1%. According to the literature, after heating the percentage microbial reduction is 97.3-99.9%. Thus, the study showed that pasteurisation did not result in a suitable effect. This can be explained by the high TPC before treatment, which may affect the count of the bacteria after treatment (Salman and Hagar, 2013) and the uncertainty of the pasteurisation process (inaccurately determined temperature, the duration of the pasteurisation, and cooling rate).
A reduction of TPC of 1.51 log CFU/ml by HP at 250 MPa (with holding time 3 min) at room temperature was observed in this study, whereas even~5 log and~3 log CFU/ml inactivation were observed by HP of raw milk respectively at 250 MPa at 55°C or 70°C (Smiddy et al., 2007) and at 250 MPa at 45°C (Hayes et al., 2005) , indicating the importance of temperature in HP-induced inactivation of bacteria. Differences among results can be explained by the low temperature regime used during HP processing in this study. In other HP milk treatments (400/3`, 400/15`, and 550/3`), it should be noted that bacterial load reduction was respectively 1.63 log CFU/ml, 2.55 log CFU/ml, and 3.58 log CFU/ml. Evidently, HP treatment at 400 MPa ensures the same quality as pasteurisation. According to the literature, HPP is equally effective in destroying pathogenic and spoilage microorganisms (Chawla et al., 2011) . Significant decrease (p < 0.05) of colony forming units was established in samples processed by combining two treatment types: pasteurisation and HPP. Application of 550 MPa for 3 min completely inactivated microorganisms in TPHP milk.
During storage, the population of microorganisms grew progressively in all HP and TPHP treated milk samples. Rapid growth trends were observed in all samples after five days of storage. Growth of bacteria in HP treated milk depended on the pressure and holding time of treatment. After seven days of storage, the growth rate of bacteria was in the following order: 250MPa/3`< 400MPa/3`< 400MPa/15`< 550MPa/3`. Similar results were obtained in TPHP milk samples. The minimum treatment regime for shelf-life extension of pasteurised skimmed milk was determined: pressure not less than 400 MPa and a holding time of at least 15 minutes. According to the obtained results of the study it can be concluded that for ensuring milk quality for a long period of time, it is more effective is to combine HP with preceding thermal treatment (pasteurisation). However, it would be necessary to note some drawbacks: 1) from an economic point of view, for milk producers would not be profitable to make the double processing of product; and 2) the loss of sensory properties and biologically active substances in the product during pasteurisation.
Another indicator of milk quality and sanitary conditions on the farm is presence of Escherichia coli in the milk. The coliform count is related to the unsanitary milking process and the dirty cow's environment (Salman and Hagar, 2013) . According to the literature (Hayes et al., 2005; Smiddy et al., 2007; Chawla et al., 2011; Gustavo et al., 2014) , the complete destruction of E. coli can be reached either in low or medium pressure mode, while increasing the processing temperature and time, or at a higher pressure (above 500 MPa) without additional time and temperature rise. According to other data on HP processing of milk (strawberry skimmed milk), under pressures 200 MPa (with holding time 15 min) and 600 MPa (1 min) pathogenic microorganisms were not identified (Tadapaneni et al., 2014) . In this study, Enterobacteriacea spp. were identified in three (control, HPMilk 250/15`, and HPMilk 400/3`) of six milk treatments. According to the obtained data it can be concluded that some of the high pressure regimes (250MPa/15`and 400MPa/3`) are insufficient and cannot be used for inactivation of coliforms in milk.
The data presented in this study clearly indicate a very limited microbial shelf-life of HPP treated milk. This can be explained by the low selected pressure mode and too short processing time. Further research should be conducted to determine the optimal treatment parameters for preservation of biologically active substances and nutritional value of milk and for achieving maximum milk shelf-life.
